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ABSTRACT 


s  This  report  contains  propellant  test  results  from  cartons  of  TP-H1011 
bulk  propellant  representing  LGM-30F  and  G  First  Stage  Minuteman  Motors. 
This  report  uses  a  statistical  approach  to  analyze  the  bulk  carton  pro¬ 
pellant  data.  Testing  was  accomplished  in  accordance  with  MMWRBM  Pro¬ 
ject  M04046C-WNL01529. 

The  data  from  this  test  period  are  combined  with  data  from  previous 
testing  and  entered  into  the  G085  Computer  for  storage,  analysis,  and 
regression  analysis.  From  the  statistical  analysis  of  all  data  tested 
to  date  (fifteen  years  for  F  &  G) ,  significant  degradation  of  the  propel¬ 
lant  does  not  appear  likely  for  at  least  two  years  past  the  oldest  data 
point . 

Each  point  on  the  regression  plot  represents  the  mean  of  all  samples 
at  that  particular  age.  The  number  of  samples  at  each  point  is  indicated 
on  the  sample  size  summary  sheet  on  the  page  accompanying  each  regression 
plot  or  group  of  regression  plots.  The  data  range  at  any  age  can  be  found 
by  suitable  inquiry  of  the  G085  System.  .1 
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INTRODUCTION 


A.  PURPOSE: 

Laboratory  testing  has  been  performed  for  fifteen  years  on  First  Sta  ° 
LGM-30F  and  G  Minuteman  Motor  propellant  blocks  to  evaluate  the  effects  of 
aging  on  TP-H1011  propellant.  This  report  contains  those  tests  conducted 
on  propellant  as  instructed  in  MMWRBM  Test  Directive  GTD-1C,  Amendment  2, 
LGM-30  First  Stage  Operational  Propellant  Laboratory  Testing. 

Statistical  analysis  of  the  data  from  tests  performed  will  provide 
early  warning  if  serious  degradation  trends  develop.  Annual  evaluation 
of  the  propellant  provides  data  for  input  into  engineering  reliability 
analysis  for  service  life  predictions. 

B .  BACKGROUND 

LGM-30F  and  G  testing  was  started  in  1966  with  phase  testing  at  24 
month  intervals  (Report  Numbers  78  -  zero  time;  104,  162,  185-Phase  I; 

176,  239,  257-Phase  II;  271-Phase  III).  Report  Number  257  was  the  first 
time  that  LGM-30F  and  G  data  were  statistically  analyzed  seperately  from 
LGM-30A  and  B  data.  The  present  report  is  a  continuation  of  testing  and 
statistical  analysis. 

Zero  time  testing  for  LGM-30A,  B,  F,  and  G  was  started  as  soon  as  pos¬ 
sible  after  receipt  of  the  propellant  by  MANPA.  Data  from  these  tests 
were  used  to  establish  a  base  line  for  each  test  parameter. 

The  LGM-30F  and  G  propellant  test  matrix  (Table  1)  is  used  to  determine 
the  number  of  specimens  to  be  taken  from  each  propellant  loaf  and  the  spe¬ 
cific  test  or  tests  to  which  these  specimens  are  to  be  subjected.  Very  iow 
rate  and  low  rate  tensile  specimens  are  taken  on  all  LGM-30F  and  G  blocks. 
Specimens  for  other  physical  and  combustion  tests  are  taken  from  every  third 
(LGM-30F  and  G)  block. 
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NOTE:  Low  Rate  and  Very  Low  Rate  Tensi. 


STATISTICAL  APPROACH 


In  order  to  determine  aging  trends  for  sheif/service  life  predictions, 
as  directed  by  Service  Engineering,  First  Stage  LGM-30  F  and  G  Minuteman 
TP-H1011  propellant  blocks  have  been  undergoing  testing  since  1966,  statis¬ 
tically  analyzed  and  reported  on  a  regular  test  cycle  by  this  laboratory. 

The  primary  reason  for  performing  statistical  analysis  on  test  dat^  is 
for  the  detection  of  propellant  changes  due  to  aging  that  would  affect  motor 
reliability.  Regression  analysis  was  the  method  used  to  examine  data  and 
to  aid  in  drawing  conclusions  about  dependency  relationships  that  may  exist 
i.e.,  relationship  between  age  versus  test  results. 

In  selecting  the  best  fit  model  for  the  regression  equation,  the  linear 
model  Y  =  a  +bX  was  found  to  be  the  best  fit  model  for  the  regression  plots. 

Individual  data  points  from  different  time  periods  were  used  to  estab¬ 
lish  a  least  squares  trend  line  for  the  data.  The  variance  about  the  regres¬ 
sion  line,  obtained  using  individual  values  of  the  dependent  variable,  was 
used  to  compute  a  tolerance  interval  such  that  at  the  90$  confidence  level 
90$  of  the  sample  distribution  falls  within  this  intervax.  This  tolerance 
interval  was  extrapolated  to  a  maximum  of  2b  months  into  the  future  fro» 
age  of  the  oldest  motor  tested.  The  ' t'  value  and  the  significance  of  this 
statistic,  which  are  reported  for  each  regression  model,  give  an  indication 
of  the  "statistical  significance"  of  the  slope  of  the  trend  line  as  compared 
to  a  line  of  zero  slope.  When  a  regression  slope  is  indicated  to  be  signifi¬ 
cant,  it  should  be  noted  that  the  slope  of  the  regression  line  is  significant 
from  a  statistical  standpoint  and  it  is  an  indication  that  a  change  over  time 
is  occurring,  but  does  not  necessarily  mean  that  the  indicated  change  in  the 


value  obtained  during  testing  is  significant  in  regards  to  motor  operational 
performance.  In  a  few  cases,  this  small  change  has  become  the  apparent  trend 
in  data  variance  and  regression  line  trends.  However,  the  changes  are  grad¬ 
ual  and  no  operational  problems  are  expected  at  this  time. 

The  data  were  plotted  by  computer.  The  *y'  axis  is  computed  so  that  the 
values  at  one  inch  intervals  are  peculiar  to  the  data  spread  of  the  parameter 
tested.  Plotted  data  points  represent  means  at  the  particular  ages  at  which 
testing  occurred.  The  number  of  specimens  at  each  age  point  is  indicated  on 
the  sample  size  summary  sheet  accompanying  the  regression  plot.  Variance  at 
each  test  age  can  be  determined  by  consulting  the  G085  data  storage  system. 

A  regression  summary  of  all  test  parameters  is  included  in  Table  2. 

The  direction  of  the  regression  trend  lines  are  also  indicated  in  Table  2. 

The  slopes  that  are  "statistically"  not  significant  from  a  line  of  zero 
slope  are  labeled  as  such  and  those  regressions  have  been  left  out  of  this 


report. 


TEST  RESULTS 


VERY  LOW  RATE  TENSILE: 

Very  low  rate  regressions  show  a  statistically  significant  decrease 
for  strain  at  maximum  stress  and  strain  at  rupture.  The  stresses  and 
modulus  show  a  statistically  significant  increase  (Figures  1  thru  5). 

The  trends  are  gradual  for  the  respective  regressions  and  no  operational 
problems  from  the  propellant  are  expected  for  at  least  two  years  beyond 
the  last  test  data. 

LOW  RATE  BIAXIAL  TENSILE: 

The  strain  at  maximum  stress  regression  shows  a  statistically  signi¬ 
ficant  gradual  increase  with  the  strain  at  rupture  showing  no  statis¬ 
tically  significant  change.  The  stresses  and  modulus  show  a  statistically 
significant  increase  (Figures  6  thru  10). 

LOW  RATE  TENSILE: 

Low  rate  tensile  data  regressions  show  a  statistically  significant 
gradual  decrease  for  strains  and  a  statistically  significant  increase 
for  stresses  and  modulus  (Figures  11  thru  15) . 

HIGH  RATE  TRIAXIAL  TENSILE: 

The  strain  at  maximum  stress,  strain  at  rupture  and  modulus  regres¬ 
sions  show  a  statistically  significant  decrease.  Maximum  stress  shows 
a  statistically  significant  increase.  Stress  at  rupture  does  not  show 
a  significant  change  (Figures  16  thru  20). 

HIGH  RATE  HYDROSTATIC  TENSILE: 

The  strains  show  a  statistically  significant  decrease.  The  stresses 
and  modulus  show  a  statistically  significant  increase  (Figures  21  thru  25). 
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TEAR  ENERGY: 


The  cohesive  energy  shows  a  statistically  significant  decrease 
(Figure  26) . 

TENSILE  SUMMARY: 

The  test  data  regressions  show  that  the  strain  is  gradually  de¬ 
creasing  and  the  stress  and  modulus  gradually  increasing. 

Based  on  the  analysis  of  test  data  regressions,  it  does  not  appear 
that  meaningful  degradation  is  occurring  at  this  time  and  no  operational 
problems  are  expected  in  the  propellant  for  at  least  two  years  beyond 
the  last  data  point. 

STRESS  RELAXATION  MODULUS: 

For  the  0.5%  strain  at  -65°F,  the  regressions  for  data  at  10,  50,  100, 
and  1000  seconds  show  a  statistically  significant  gradual  increase. 
(Figures  27  thru  30). 

At  -40°F,  the  10,  50,  and  100  second  regressions  show  a  statistically 
significant  increase.  The  1000  second  regression  shows  no  statistically 
significant  change.  (Figures  31  thru  34). 

The  3%  strain  regressions  at  20°F,  7 7 ° F ,  100°F,  140°F  and  180°F  show  a 
statistically  significant  gradual  increase.  (Figures  35  thru  54). 

SOL  GEL: 

The  percent  extractables ,  density  and  gel  swell  ratio  do  not  show 
a  significant  change.  The  crosslink  density  regression  shows  a  statis¬ 
tically  significant  increase  (Figures  55  thru  58). 

CONSTANT  STRAIN: 

A  statistically  significant  gradual  decrease  is  shown  for  constant 
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strain  (Figure  59) . 


HARDNESS : 


Shore  A  ten  second  hardness  shows  a  statistically  significant  increase 
(Figure  60) . 

SUMMARY  OF  SOL  GEL,  TENSILE  AND  HARDNESS  DATA: 

The  crosslink  density,  constant  strain,  and  hardness  data  regressions 
correlate  with  the  tensile  data.  As  the  polymer  continues  to  crosslink, 
the  strains  decrease  and  the  stresses  increase. 

PRESSURE  TIME: 

Maximum  pressure  and  time  to  maximum  pressure  shows  a  statistically 
significant  gradual  decrease  (Figures  61  and  62) . 

TCLE  (Thermal  Coefficient  of  Linear  Expansion) : 

The  thermal  coefficient  of  linear  expansion  for  both  above  and  below 
the  glass  transition  point  (Tg)  shows  a  statistically  significant  gradual 
increase  (Figures  63  and  64). 

TGA  (Thermal  Gravimetric  Analysis): 

A  statistically  significant  increase  is  shown  for  the  ignition  temper¬ 
ature  (9°C  rise/min) ,  no  significant  percent  weight  loss  at  250°C  hold 
(i2°C  rise/min  to  hold)  and  a  statistically  significant  weight  loss  at 
ignition  (Figures  65  thru  67) . 

DTA  (Differential  Thermal  Analysis) : 

The  endotherm  and  first  and  second  exotherms  show  a  statistically 
significant  decrease.  The  third  exotherm  shows  a  statistically  signifi¬ 
cant  increase  and  the  ignition  temperature  with  no  significant  change 
(Figures  68  thru  72) . 
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BURNING  RATE: 


The  burning  rate  shows  a  stat ist ically  significant  gradual  increase 
(Figure  73). 

DIFFERENTIAL  SCANNING  CALORIMETER: 

The  endotherm  and  first  and  second  exotherms  shows  a  statistically 
significant  decrease.  (Figures  74  thru  76) . 

THERMAL  AND  COMBUSTION  SUMMARY: 

The  time  to  maximum  pressure  from  the  pressure  time  data  and  burning 
rate  data  show  a  correlation.  Ir.  both  cases,  the  regressions  show  a 
gradual  increase  in  rate  of  reaction.  The  maximum  pressure  and  DSC  regres¬ 
sions  also  correlate  well  with  each  other.  In  both  cases,  a  gradual  de¬ 
crease  in  energy  is  shown. 

The  ignition  temperatures  for  TGA  shows  a  gradual  increase. 

From  the  analyses  of  the  regressions,  no  combustion  problems  are 
expected  for  at  least  two  years  beyond  the  oldest  data  point. 


CONCLUSIONS 


Fifteen  years  of  aging  at  ambient  temperature  (77°F)  has  not  greatly 
changed  the  properties  of  the  propellant.  Some  test  parameters  indicate 
slight  aging  trends,  but  nothing  that  would  adversely  affect  the  opera¬ 
tional  characteristics  of  the  rocket  motor  propellant. 

From  the  statistical  analysis,  it  does  not  appear  that  significant 
propellant  degradation  is  occurring.  Based  on  fifteen  years  of  accumulated 
data,  there  is  no  reason  to  suspect  that  properties  will  show  much  change 
for  at  least  two  years  past  the  last  data  point.  Therefore,  propellant 
reliability  should  not  change  appreciably  over  that  time  period.  Since 
failure  limits  are  not  available  for  the  parameters  tested,  this  state¬ 
ment  is  based  on  the  fact  that  the  slope  of  the  regression  curves  where 
statistically  significant  are,  with  few  exceptions,  relatively  flat  or 
close  to  a  line  of  zero  slope  and  have  not  changed  appreciably  from  the 
last  test  period. 


-  9  - 


TABLE  2 


Regression  Summary 


Test  Parameter 

Slope 

Very  Low  Rate  Tensile 

Strain  at  Maximum  Stress 

- 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

+ 

Modulus 

+ 

Low  Rate  Biaxial  Tensile 

Strain  at  Maximum  Stress 

+ 

Maximum  Stress 

+ 

Strain  at  Rupture 

NS 

Stress  at  Rupture 

+ 

Modulus 

+ 

Low  Rate  Tensile 

Strain  at  Maximum  Stress 

- 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

+ 

Modulus 

+ 

High  Rate  Triaxial  Tensile 

Strain  at  Maximum  Stress 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

NS 

Modulus 

— 

High  Rate  Hydrostatic  Tensile 

Strain  at  Maximum  Stress 

- 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

+ 

Modulus 

+ 

Tear  Energy 

- 

Stress  Relaxation 

-65°,  10  sec 

+ 

-65°,  50  sec 

+ 

-65°,  100  sec 

+ 

-65°,  1000  sec 

+ 

-40°,  10  sec 

+ 

-40°,  50  sec 

+ 

-40°,  100  sec 

+ 

-40°,  1000  sec 

NS 
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TABLE  2  (cont) 


Test  Parameter 


Regression  Summary 


Slope 


+20°,  10  sec 
+20°,  50  sec 
+20°,  100  sec 
+20°,  1000  sec 


+77°,  10  sec 
+77°,  50  sec 
+77°,  100  sec 
+77°,  1000  sec 

+100°,  10  sec 
+100°,  50  sec 
+100°,  100  sec 
+100°,  .1000  sec 


+140°,  10  sec 
+140°,  50  sec 
+140°,  100  sec 
+140°,  1000  sec 

+180°,  10  sec 
+180°,  50  sec 
+180°,  100  sec 
+180°,  1000  sec 


Sol  Gel 

%  Extractables 
Density 

Gel  Swell  Ratio 
Crosslink  Density 

Constant  Strain 

Hardness,  Shore  A,  10  sec 

Pressure  Time 

Maximum  Pressure 

Time  to  Maximum  Pressure 


TCLE 

Above  Tg 
Below  Tg 

TGA 

Ignition  Temperature 
%  Weight  Loss  at  250° 

%  Weight  Loss  at  Ignition 


NS 

NS 

NS 

+ 


+ 


+ 

+ 


+ 

NS 

+ 
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TABLE  2  (cont) 


Test  Parameter 


Regression  Summary 


DTA 

Endotherm  1 
Exotherm  1 
Exotherm  2 
Exotherm  3 
Ignition  Temperature 

Burn  Rate,  1000  psi 

DSC 

Endotherm 
Exotherm  1 
Exotherm  2 


NS  =  Not  Significant 
-  *  Negative  Slope 
+  *  Positive  Slope 
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HINC  6.  STRESS  RELAXATION  MODULUS,  0.57.  STRAIN,  10  SEC.  -65  DEG  F.TPH-1011 


WING  6. STRESS  RELAXATION  MODULUS  ,0.5/C  STRAIN. 50  SEC. -65  DEC 


***  SAMPLE  SIZE  SUMMATY  *** 


<vr)ifiC'<v/0'0>0'C'iCiC3>tr)rr)fr)>£)fyfr)rovOO'r)rr)r)'0 


G'o->cjn^uioNccc'0-.nLOoNcoo'o-*cMr)ino 
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This  sample  size  summary  is  applicable  to  figures  27  and  28 


r  =  ((  +  3.0299°.  '>£  +  04  I  +  l  +  4 .  08464  77E  ♦  0 1  )  *  X5 
+5. 477226b E+Oi  SICNIFIC  V.fc  OFF  -  SIGNIFICANT  crr=  ♦  8 . 89256  1  2E  ♦  03 

♦  1 . 46564 79E-01  SIGNIFICANCE  OF  R  -  SIGNIFICANT  S8 =  +  5 . 5 1 9 1 76 1 E ♦ 00 

+  7 . 400828  7E  +  00  SIGNIFICANCE  OF  :  =  SIGNIFICANT  S£  *  +  8  .  7982938E  ♦  03 

2497  DEGREES  OF  FREEDOM  -  2495 


WING  5. STRESS  RELAXATION  MODULUS. 


Y  =  ((  +  2 . 3969401 E  *04  )  ♦  (  +  1  . 7657598E+01  )  *  X) 

♦  1 . 5728 1 35E  +  0 1  SIGNIFICANCE  OF  F  =  SIGNIFICANT  <r,=  +7 .  1 186033E  +  03 
♦7.9147785E-C2  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S» =  +4 . 4523882E +00 
♦3. 9658712E+00  SIGNIFICANCE  OF  i  =  SIGNIFICANT  St =  +7 . 0976934E+03 
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.STRESS  RELAXATION  MODULUS, 0.5X  STRAIN.  1000  SEC.  -65  DEG 


***  SAMPLE  SIZE  SUMMAPY  **♦ 


•*  ro  *r  **  *  **  _i 
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(MninoN(co^n^in^N^o-(Mn^in\ONcoo'o 
h  #4  n  h  •«  nj  w  (v  w  w  w  pj  r\j  j»)  i*>  n  d  d  m  n  •’I  i*) 


This  sample  size  summary  is  applicable  to  figures  29  thru  3] 


r  =  ((  ♦ 1 .6349144E+04  i  ♦  i  ♦ l . 4697235E+01  )  *  X) 

♦  3  .  7541  1  QCT  +  3 1  S  !  GN I F  I  CANCE  Or  '  =  S I GN I F  I  CANT  c r,=  +  4 . 4  15S350E  +  03 

+  1 . 1 569726E -0 l  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S,  -  ♦ 2 . 39873  1 6E  ♦  00 

+  6 .  I 270862E  +  00  SIGNIFICANCE  OF  i  =  SIGNIFICANT  St =  +4 . 3866 750E ♦ 03 

2769  DECREES  OF  FREEDOM  =  2767 


WING  6. STRESS  RELAXATION  MODULUS .  0.57.  STRAIN.  10  SEC. -40  DEG 


o 
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O  cr 


WING  5. STRESS  RELEXRT  I  ON  MCDULU5. 0.  S  /.  STRAIN.  50  SEC  .  -40  DEG  F.rPH-lOll 
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This  sample  size  summary  is  applicable  to  figures  32  thru  35 


T  =  U  + l .5569620E+0?  )  ♦  (  + 1 . 5958848E +00  )  *  X) 

+  1 .408906JE+02  SI GNI F I  CANCE  OF  F  =  SIGNIFICANT  c r,=  +2 . 6 1 7452 1 E+02 

+  2.  1571034E-01  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S„  =  ♦ 1 . 3444990E-01 

♦1.1 869736E+0 1  SIGNIFICANCE  OF  t  =  SIGNIFICANT  SE =  *2. 5562731E+02 

2889  DEGREES  OF  FREEDOM  =  2887 


WING  R. STRESS  RELAXATION  MODULUS. 3. OX  STRAIN. 10  SEC.  20  DEG 


.STRESS  RELflXPT  I  ON  MODULUS  .  3 . 07.  57RP1N.5C  SEC.  20  DEC 


T  =  ((  +  7 . 95078 1 6E  +  02  )  ♦  (  +  1 . 0528457E ♦ 00  )  *  X) 
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2889  DEGREES  OF  FREEDOM  =  2887 


RELAXATION  MODULUS 


r  =  ((  +5 . 3405875E+02  )  +  (  ♦ 5 . 05S0564E -0 1  )  *  X) 
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M . 0964973E+01  SIGNIFICANCE  OF  i  =  SIGNIFICANT  SE =  ♦ 8 . 76700 1 7E ♦ 0 1 

2889  DEGREES  OF  FREEDOM  =  2887 


WING  6. STRESS  RELAXATION  MODULUS. 3. OX  STRAIN. 1000  SEC.  20  DEG 


***  SAMPLE  SIZE  SUMMARY  *** 
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4848  DEGREE^  OF  FpEEDOM  ■=  4848 


RELFXPTION  MOCuLUp . 3 . OX  STRRIN.10  SEC. 
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S  7  R  F  S  S  PFLFXfiT I  ON  MODULUS. 
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WINr  8. STRESS  PFlAXATIPN  MODULUS. 3. OX  STRAIN, 10^0  SEC.  H  DEG  F.TPH- 


***  jAMPt  t:  SI7P  SUMMARY  *** 


fO  **  *+  «*  *■* 
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This  sample  size  summary  is  applicable  to  figures  40  thru  43 


T  =  <(  *4 . 3090804E  +02  )  ♦  f  +4 . 21 87 ] 22E-0 1  )  «  X) 

♦1 .  1S81774E  +  U2  SIGNIFICANCE  OF  F  =  SIGNIFICANT  C T,=  +7. 5142346E+01 

♦1 . 9902718E-01  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S, =  ♦ 3 . 9200566E-02 

♦1 .0761865E+01  SIGNIFICANCE  OF  t  =  SIGNIFICANT  St =  *7. 3652157E+01 

2810  DECREES  OF  FREEDOM  =  2808 


HING  6. STRESS  RELAXATION  MODULUS. 3. OX  STRAIN. ID  SEC. 100  DEG 


STRESS  RELAXATION  MODULUS.  3. OX  STRAIN. 100  SEC.lOO  DEC 
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WING  6. STRESS  RELRXRT I  ON  MODULUS. 3. OZ  STRAIN, 50  SEC. 140  DEC 
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STRESS  RELAXATION  MOOULUS . 3 . OX  STRAIN. 10  SEC.180  DEG  F.TPH-1011 
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WING  6. STRESS  RELRXAT I  ON  MODULUS. 3. OX  STRAIN. 50  SEC. 
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WING  6. STRESS  RELAXATION  MODULUS. 3. OX  STRAIN.  1000  SEC.180  DEG 
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STAGE  1.  WING  6,  TP-H10U.  SOL  GEL.  CROSSLINK  DENSITY 
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This  sample  size  summary  is  applicable  to  figure  54 
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